In breeding experiments conducted prior to tests connected with the registration of new breeding lines of crops, pre-preliminary and preliminary trials are carried out. In this study a comparison was made among some models of analysis of variance, in relation to the selection of new breeding lines of spring barley (Hordeum vulgare L.). The aim is to determine whether the choice of model of analysis of variance may influence the choice of tested breeding lines. The trait considered was the yield in two years of trials. A more comprehensive analysis of variance model was found to be superior. It was also found that the results of analyses performed using average measurements for lines significantly differ from those obtained on the basis of all measurements. It was concluded that the type of ANOVA model used may have an impact on inferences about breeding lines. Moreover, a lack of stability in the yields of tested lines was revealed, implying the necessity of several years of trials.
Introduction
Breeding trials (most often two-year trials -pre-preliminary and preliminary) are conducted prior to the reporting of new plant breeding lines for registration tests (Allard 1999) . The trials are carried out in several locations with contrasting environmental conditions (class of soil, climate). In the analyzed trials the experimental design is the same for each location; moreover, the same breeding lines are tested. Such trials can be analyzed using various models of analysis of variance, for example taking into account the whole structure of the trial (blocks, series and locations) or performing separate analyses in each location or series.
On the basis of the results obtained, the new breeding lines are assessed for suitability for registration testing. Hence the appropriate analysis of these trials will enable the selection of the most valuable breeding lines. In this study, the results of applying various models of statistical analysis, based on ANOVA (Smith et al. 2005) , are considered. Both the coefficient of rank correlation and coefficient of agreement (Stehman 1992, Wieringen and Heuvel 2005) were used as measures of the similarity of results obtained by the models in a given year and also between years. The first of these measures (correlation coefficient of rank) was used to compare the ranking of objects in terms of improved average yield, the second (coefficient of agreement) to compare the methods in terms of the significance of the contrasts of the tested breeding lines with the controls. Some of the ANOVA models allowed the yield of breeding lines to be assessed either separately in the different environments (then the means are taken into consideration) or taking into account genotype-environment interaction. In this study, trials of breeding lines of spring barley (Hordeum vulgare L.) were analyzed in respect of yield [dt/ha] . The assessment of breeding lines of malting barley in terms of several traits was previously considered by Bystry et al. (2005) .
The objective was to ascertain the impact of the ANOVA model used on the choice of genotypes. A further aim was to identify a method of analysis of breeding data enabling the detection of differences among tested breeding lines and controls.
Material and methods
The results of pre-preliminary (PW) and preliminary (WST) breeding trials on spring barley, conducted in the years 2011 and 2012 at several locations, were considered. In the pre-preliminary trials, at each of five locations, three independent series of experiments were performed in randomized incomplete block designs with three replications. Two series of trials (denoted PPI, PPII) were performed on 38 fodder barley breeding lines, and one (PB) was performed on 41 malting barley lines. The preliminary trials were conducted in two series at six locations. In the first series (WP) 45 breeding lines of fodder barley were tested, and in the second (WB) 28 breeding lines of malting barley were tested. From the total number of genotypes 44 new breeding lines were tested in both years of the study. All trials were conducted in a balanced incomplete block design with three replications (the size of incomplete blocks ranged from 6 to 8 Hierarchical analysis of variance was performed (Montgomery, 2000) , for which it was assumed that random blocks were nested in locations. In this analysis the genotype-environment interaction (here locations means environments) was included; it takes the form In the various models of analysis of variance the effects of different factors were taken into account. The effect of blocks was considered in the case of A1, the effects of locations and blocks in the case of A2, and the effect of locations in the case of A3. In A4 no factor was included. It should be noted that in each of the trial series different breeding lines were studied (only the controls were the same), thus the analysis of all series jointly and separately should not have a major impact on the choice of breeding lines. In this paper all methods were applied separately for each series of trials, but the results were considered jointly.
In order to choose the best yielding breeding lines, the percentage yield relative to the average percentage for the controls was calculated using appropriate corrected means (calculated in a given model). Next ranks were established for the purpose of easier comparison of the results of various methods.
Moreover, a statistical method was applied for determining contrasts among the studied breeding lines and controls.
Results
Based on analysis using model A1, highly significant differences among breeding lines were identified in almost all trials ( Table 1 ). The differences among the three control varieties were most often not significant. The results of analysis with model A2 led to similar conclusions in the case of the PW trials (all of the factors differed significantly) with the exception of the control varieties (Table 2) .
Moreover, highly significant differences among locations and for genotypeenvironment interaction were identified in both the PW and WST trials. In the case of the WST trials, significant differences were also shown among the controls. On the basis of the results of analysis using model A3, significant differences were found among breeding lines, but also among the controls in the WB trial (Table 2) , while non-significant differences were found among the controls in trials PPI, PPII and PB.
Since the differences among tested objects (breeding lines and controls) were significant, contrasts among breeding lines and controls could be found; because three controls were used, the contrasts of individual breeding lines relative to all controls were calculated. In the PW trials and model A1 jointly 96 lines significantly differed from the controls, in model A2 51 such lines were found, and in model A3 32 such lines. In the WST trials with model A1 60 lines significantly differed from the controls, in model A2 there were 37 such lines, Due to the large number of tested breeding lines, only the results for genotypes most relevant to the choice of analysis of variance model will be discussed in detail. Namely, 20 breeding lines were chosen, from the lines which had been tested in both years of the trials. The choice was made in such a way that both the highest and lowest yields were included among the selected breeding lines. In the following part of the study the fodder barley lines were denoted by numbers from 4 to 73, and malting barley lines by numbers from 74 upwards; controls were numbered from 1 to 3.
The ranks obtained from comparing the improved averages of the lines with the average of the improved means of the controls were used for assessment of the breeding lines. The ranks obtained for the breeding lines in one year of the study are somewhat different depending on the ANOVA model (Figures 1 and 2 ).
However, between the years, the rank differed significantly for the same models.
There were few breeding lines which received a fairly high rank in both years of the study (for example lines 80, 8 and 53).
On the basis of the ranks it was possible to assess whether the yield of a given line was better or worse than the controls; the statistical significance of this difference could be assessed on the basis of contrasts between the controls and (Table 3) . When the A1 method was used, sometimes these contrasts were found to be significant only in one location, and then the genotype and controls were considered to be significantly different. In the case of one genotype (number 94) the contrast was significant in as many as three locations *, **,***; significance at level 0.05, 0.01, 0.001 respectively; 1, 2, 3, 4, 5, 6 -locations at which significant differences were found; NS -insignificant differences.
(method A1 in the PW trial), but according to other methods -A2 and A3 (in which the effect of location was eliminated) -the contrast was not statistically significant. The previously mentioned breeding lines 8 and 80 most often differ significantly from the controls in both years of the study (Table 3) , and in both years they yielded better than the controls (Figure 1 and 2 ). In the first year breeding line 72 was significantly different from the controls (Table 3) , and had the highest yield (Figure 1 ) according to models A1 and A2 and nearly the highest according to models A3 and A4, while in the second year it was not significantly different from the controls (see Figures 1, 2 and Table 3 ).
As mentioned above, the ranks obtained by the different models (A1-A4)
were similar in a given year. Thus the correlation coefficient of ranks was determined in order to assess the degree of similarity of those ranks separately in each year of the study (Table 4) . The results showed all of the methods to be significantly correlated ( The models of analysis were also compared as regards contrasts of breeding lines versus controls. For this purpose the kappa (  ) coefficient (Stehman 1992) was used (this coefficient is used in assessing the agreement of judges -in this study the judges were models A1-A4). For this purpose breeding lines which did not differ significantly from the controls were designated by zero, lines which differed significantly from the controls and yielded better than the average of the controls were designated by one, and those which yielded worse than the controls were designated by minus one. (Wieringen and Heuvel 2005) . In the case of method A4 these contrasts could not be determined, because analysis of variance was not used in that case. Substantial agreement was obtained in both trials (PW and WST) between methods A3 and A2 (Table 5 ). The results presented in Tables 4 and 5 are not in complete correspondence. This may be due to the fact that in the case of method A1 breeding lines were taken to be significantly different from the controls if the contrast was significant at even one location. When each of the years of the study was considered separately, the ranks assigned to breeding lines were arranged in a similar order; however, the results based on the agreement coefficient showed a total lack of agreement between methods A1 and A3 in both years of the study (PW and WST).
A comparison of methods of analysis between years was performed only for those breeding lines which were tested in both years. For this purpose new ranks were assigned, among only the selected breeding lines (44). On the basis of this new ranking, correlation coefficients and coefficients of agreement between years (Table 4 and 5 right side) were calculated. Between years, a non-significant correlation coefficient was obtained. Similarly, all of the coefficients of agreement indicated either lack of agreement or very poor reliability, even if the same method of analysis was used. The studied breeding lines were not stable as regards yield in the different years of the trial (they were not resistant to various environmental conditions).
Due to the lack of agreement between the results obtained in the two years of the study, the choice of the best yielding lines was a very difficult task. Therefore it seems reasonable to choose those genotypes which obtain quite high, but not necessarily the highest, rank in both years. Ranks of genotypes can be presented eleven genotypes would be selected by method A4 (near line: 8, 80, 87, 47, 78; other genotypes lying in the square: 53, 72, 9, 52, 83, 66).
Discussion and conclusions
At breeding stations, trials are often analyzed using method A1. Nested analysis (A2) is also used, but breeding lines are not compared on the basis of the results of such analysis. Węgrzyn (2001) proposed analysis of series trials, for example PPI, PPII, and PB and multi-location trials, using a cross design. In model A1 the trials conducted at the particular locations were still considered separately. The best method for the experimental design used in breeding trials is A2, in which the variability between environments is eliminated from the general variability, making it easier to detect differences between the studied lines. Similar analysis, as in A2, was presented by Emede and Alika (2012) . The use of mixed models for analysis of series of variety trials was described by Kempton (1984) Based on rank correlation (Table 4) it can be stated that the results obtained from methods based on averages (A3) differed quite significantly from results based on all observations (the lowest correlation coefficients were between these methods and methods A1 and A2). Based on the agreement coefficient, substantial agreement was found only for method A3 with method A2 (Table 5) The results presented here lead to the overall conclusion that the choice of ANOVA model may have an impact on inferences concerning breeding lines.
Moreover, the impact of years on the yield of genotypes has been shown. Thus it is important for breeding trials to be conducted over at least two years. Moreover, all years of the trials should be jointly analyzed, taking into account the effect of years in ANOVA. This problem is related to the stability of breeding lines and varieties over years, and to genotype-year interaction (see Fan et al., 2007; Alghamdi, 2004) .
It is worth paying particular attention to the genotypes with relatively high ranks lying on the straight line which means that they have high yield (high rank) in both years (Figure 3) . Moreover, very interesting were genotypes which changed from one extreme to the opposite extreme (e.g. low yield in the first year and high yield in the second).
